The isovalent-substituted iron-pnictide superconductor SrFe2(As1−xPx)2 (x=0.35) has a slightly higher optimum critical temperature than the similar system BaFe2(As1−xPx)2, and its parent compound SrFe2As2 has a much higher Néel temperature than BaFe2As2. We have studied the band structure and the Fermi surfaces of optimally-doped SrFe2(As1−xPx)2 by angle-resolved photoemission spectroscopy (ARPES). Three holelike Fermi surfaces (FSs) around (0,0) and two electronlike FSs around (π,π) have been observed as in the case of BaFe2(As1−xPx)2. Measurements with different photon energies have revealed that the outermost hole FS is more strongly warped along the kz direction than the corresponding one in BaFe(As1−xPx)2, and that the innermost one is an ellipsoidal pocket. The electron FSs are almost cylindrical unlike corrugated ones in BaFe(As1−xPx)2.
I. INTRODUCTION
Since the discovery of high temperature superconductivity in iron pnictides, the mechanism of Cooper pairing and the symmetry of the order parameter have been intensely debated. Among them the BaFe 2 (As 1−x P x ) 2 (Ba122P) system 1 has attracted particular attention since the presence of line nodes in the superconducting (SC) order parameter was suggested experimentally [2] [3] [4] . In the framework of the spin-fluctuation (SF)-mediated superconductivity mechanism, the intra-orbital nesting between hole and electron Fermi surfaces (FSs) brings about a sign-changing s ± -wave SC state 5, 6 . A suggested location is horizontal line nodes on the hole FS around the Z point 7, 8 . On the other hand, in the framework of the orbital-fluctuation-mediated superconductivity mechanism, inter-orbital nesting between hole and electron FSs enhances antiferro-orbital fluctuation and a s ++ -wave SC state without sign change will be realized [9] [10] [11] . If both spin and orbital fluctuations are important, more complicated line nodes such as loop nodes have been predicted 12 . A loop-like node in the electron FS is also suggested based on a Raman scattering experiment 13 and from the viewpoint of the hybridization between two electron pockets 14 . In order to identify the pairing mechanism, systematic studies of the FS shapes and their orbital character are necessary. For this purpose, SrFe 2 (As 1−x P x ) 2 (Sr122P), which is closely related to Ba122P, is an interesting system to study how the changes in the crystal structure affect the electronic, magnetic, and superconducting properties.
The phase diagrams of Ba122P and Sr122P are compared with each other in Fig. 1 (a) 15, 16 . The Néel temperature (T N ) of the parent compound SrFe 2 As 2 is 197 K, which is as much as 50 K higher than that of BaFe 2 As 2 , and T N is higher in Sr122P than in Ba122P in the doping range x < 0.3, where antiferromagnetic (AFM) order is present. In the same way as Ba122P, superconductivity in Sr122P appears as the AFM order is suppressed by P substitution 17 . The superconducting transition temperature (T c ) of Sr122P reaches up to 30 K (as grown) or 33 K (annealed) at x = 0.35 18 , which are comparable to, or higher than, T c = 30 K of BaFe 2 (As 0.7 P 0.3 ) 2 . Superconductivity appears in the range 0.25 < x < 0.5 for Sr122P, which is narrower than 0.13 < x < 0.74 for Ba122P.
The existence of line nodes is experimentally suggested in Sr122P as well.
31 P-NMR and specific heat measurements show that Sr122P has a large residual DOS in as-grown samples below T c 17 . It was also found that annealing decreases the residual electronic specific heat coefficient at T = 0, γ r , and changes the magnetic field (H) dependence of γ r from sublinear γ r ∝ H 0.7 to H linear γ r ∝ H 18 . These changes can be considered as a transition from a dirty to clean superconductor with reduced defect concentration.
The effect of replacing Ba atoms by smaller Sr atoms can be observed in the changes of the lattice parameters. Figures 1(b)-(d) show the doping dependence of the a-and c-axis parameters, and the pnictogen height h P n , respectively 1, 15, [18] [19] [20] . All of them monotonically decrease as the doping level x increases. Reflecting the smaller atomic radius of Sr atoms than Ba, the a-axis is slightly shorter and the c-axis is about 0.8Å shorter in Sr122P. On the other hand, h P n , which is considered to be correlated with T c 21 , is almost the same in both systems. These results indicate that the main structural difference between Sr122P and Ba122P is the spacing between FeAs layers or the As-As distance in the c-direction, which may lead to different coupling strengths between the FeAs layers along along the c-axis. In the present study, we have performed ARPES measurements of optimally-doped Sr122P (T c = 30 K, x = 0.35, as grown) and compared the results with those of Ba122P 22 in order to elucidate the dependence of the band structure and FS shapes on the lattice parameters. ARPES data are compared with local-density-approximation (LDA) band-structure calculations in order to estimate the quasiparticle mass renormalization factors. We shall also discuss the importance of inter/intra-orbital nesting conditions from the obtained FS shapes and their orbital character.
II. METHODS
Sr122P (x=0.35) single crystals were prepared by the self-flux method described in Ref. 18 . T c = 30 K was determined from the onset of Meissner diamagnetic signal with a transition width ∆T c ≃ 5 K. We have also measured annealed samples and observed the same band structures and FSs. Some bands were more clearly resolved in annealed samples 23 . ARPES experiments were carried out at beamline 28A of Photon Factory (PF), KEK, and beamline 5-4 of Stanford Synchrotron Radiation Lightsource (SSRL). In order to obtain fresh surfaces, all samples were cleaved in situ at pressure better than 1 × 10 −10 Torr. Cleavage occurs along the ab planes. The samples were cleaved and kept at T = 10 K during the measurements. There was no sign of sample degradation during experiments of ∼ 24 hours. The kinetic energy and the momentum of photoelectrons were measured using Scienta SES2002 and R4000 electron energy analyzers at PF and SSRL, respectively. In-plane (k X ,k Y ) and out-of-plane momenta (k z ) are expressed in units of π/a and 2π/c, where a = 3.90Å and c = 12.09Å are the in-plane and out-of-plane lattice constants. Here, the X, Y axes point from Fe towards the second nearest neighbor Fe atoms and the z axis is parallel to the c-axis. Calibration of the Fermi level (E F ) was achieved using spectra of gold which was in electrical contact with the samples. Incident photon energy from 24 eV to 88 eV were linearly polarized. The energy resolution was ∆E ∼ 5 meV.
In order to study the orbital character of the observed bands and the effect of replacing Ba by Sr in Ba122P, we have performed LDA band-structure calculations using Wien2k package 24 . The x and y axes point from Fe towards the nearest neighbor Fe atoms. The calculations were done using the experimentally determined tetragonal lattice constants a, c and the pnictogen heights h pn . The lattice parameters used in the calculations (in units ofÅ) are a = 3.92, c = 12.76, h pn = 1.29 for Ba122P and a = 3.90, c = 12.09, h pn = 1.31 for Sr122P. The calculations are done for the parent compounds Ba122 and Sr122 using the crystal structural parameters for x = 0.35 because the band structures were almost identical for BaFe 2 As 2 and BaFe 2 P 2 if the same crystal structures were used.
III. RESULTS AND DISCUSSION
In-plane Fermi surface mapping is shown in Figs. 2 (a) and (b). Sr122P has a space group symmetry of I4/mmm and its first Brillouin zone is shown in the inset of (a). Changing the photoemission angle θ and φ with a fixed photon energy hν corresponds to an approximately constant k z plane in the momentum space. There are three hole-like bands crossing E F around the Z point [ Fig. 2  (c) ], while two hole-like bands cross E F around the Γ point [ Fig. 2 (e) ]. There are two electron-like bands crossing E F around the X point [ Fig. 2 (d) ]. We shall discuss the orbital character of the FSs in the following paragraph. The difference of the intensities within the hole FSs around the Z point and the difference between the two identical electron pockets at (1, 1) and (−1, 1) are due to matrix-element effects arising from the geometrical setup of the experiment.
ARPES E-k intensity plots around high-symmetry cuts are shown in Figs. 2 (c) -(e). By taking the second derivatives of the ARPES intensity, we have deter-mined the peak positions of the multiple bands near E F (see Supplemental Material 23 ). These peaks are fitted to parabolic dispersions of the form E(k) = E(0)+ 2 k 2 2m * and the quasiparticle mass m * /m e is deduced. These values are shown in the inset of Figs. 2 (c)-(e). We shall discuss below the electron correlation strength by comparing the ARPES data with LDA band-structure calculation results. 
, where hν is the photon energy, Φ is the work function, and V 0 is the inner potential 25 . V 0 is set to 13.5 eV for Ba122P and 14 eV for Sr122P in order to best reproduce the periodicity of the hole FS along the k z direction. The dotted curves in Fig. 3 represent the FS shapes determined by fitting k F positions. We call the inner, middle, and outer hole FSs around the Z point as α, β, and γ FSs, and the inner and outer electron FSs as ǫ and δ FSs, respectively. (The α FS of Ba122P was not visible in Ref. 22 .) In Sr122P, the γ FS, which has strong d z 2 character around the Z point, shrinks rapidly as it approaches the Γ point. At the same time, the innermost α band shrinks and splits into two pockets. This is in contrast to that of Ba122P, in which all the hole FSs are connected in the entire k z region. The stronger three-dimensionality in Sr122P originates from enhanced interlayer hopping matrix elements due to the smaller c-axis lattice constant.
The carrier number per Fe atom calculated from the FS volumes of Sr122P are n α = 0.041, n β = 0.64, n γ = 0.81 (hole FSs), n δ = 0.39 and n ǫ = 0.18 (electron FSs), respectively. Although Sr122P is an isovalently substituted material, the total hole number n h = 1.49 estimated from ARPES is larger than the total electron number n e = 0.57. Figure 4 shows the LDA band structures and FSs of Sr122P and Ba122P (x = 0.35). Around the Γ point, the calculation predicts that two d xz/yz and one d xy hole bands cross E F in both systems. However, in the ARPES data of Sr122P [ Fig. 2 (e) ], the innermost band of d xy sinks slightly below E F . The lowering of the α band by electron correlation probably causes this discrepancy. Around the Z point, three hole bands with d xy (inner), d xz/yz (middle), and d z 2 (outer) orbital character, cross E F , consistent with the ARPES data [ Fig. 2 (c) ]. The larger radius of the outer d z 2 hole FS in Sr122P than that in Ba122P is also reproduced by the experiment. Around the X point, the orbital characters of the two electron FSs (d xy , d xz/yz ) along the Γ-X line are interchanged between the two systems.
Comparison between the ARPES data and the LDA band-structure calculation enables us to evaluate the quasiparticle mass renormalization factor. Table I 27 . A dynamical-mean-field-theory (DMFT) study 28 predicts a positive correlation between the magnitude of the ordered magnetic moments and the mass renormalization of quasiparticles. The stronger renormalization in Sr122P with the higher T N is consistent with this trend.
Regarding the orbital dependence of mass enhancement, the DMFT calculation 28 predicts that the enhancement is stronger for the t 2g orbitals, d xy , d yz , and d zx , than for the e g orbitals, d z 2 and d x 2 −y 2 , and is the strongest for d xy . The strongest mass enhancement among the iron pnictides and chalcogenides, m * /m b ∼ 7, takes place in the d xy orbital in FeTe, while the mass enhancement for d xz/yz in FeTe is ∼ 5. The orbital dependence of mass enhancement in Sr122P obtained here seems to follow this general trend, whereas the magnitudes are larger than the DMFT prediction in the d xz/yz orbital on the β FS around the Γ point, and in the d xy orbital on the ǫ FS around the X point. This difference indicates that each FS has different mass enhancement factors even for the same orbital character. Considering that the mass renormalization is expected to be enhanced by the scattering of quasiparticles between electron and hole FSs, the strong mass enhancement of the hole and electron FSs with different orbital character may imply the importance of inter-orbital scattering process. The FS shapes and their orbital character of Sr122P are summarized in Fig. 5 . FSs of the same orbital character are connected by the antiferromagnetic ordering 31 and the outer FS of d z 2 character is larger due to the enhanced three-dimensionality. This modification in the FS radii deteriorate the intra-orbital nesting properties within the d xy orbital as compared with those in Ba122P. Besides, the effects of inter-orbital scattering seems to be also weaker in Sr122P, since the inter-orbital nesting properties between the enlarged d z 2 FS and other FSs, and between the small ellipsoidal d xy FS and other FSs are worse.
From this comparison we gain several insights into the origin of the AFM order and the superconductivity in the P-doped 122 systems. As for the AFM order, if the AFM order is described by the nesting-driven spin density wave, T N should be lower in Sr122P; however, T N is always higher in Sr122P as shown in Fig. 1 (a) . We, therefore, suggest the importance of magnetic interaction between FeAs layers to explain the high T N of Sr122P with the shorter c-axis length. A mechanism of interlayer hybridization due to Fe-As-As-Fe hopping has indeed been suggested by Khodas et al.
14 . As for the superconductivity, although both inter-and intra-orbital nesting condition for the γ hole FS is significantly worse in Sr122P than in Ba122P, T c = 33 K for annealed Sr122P samples is slightly higher than Ba122P; this can be explained if the d xy and/or d xz/yz are active while the d z 2 orbital is not inducing superconductivity or if FS nesting is not important for superconductivity.
Finally, we comment on the suppression rates of T N and T c by P substitution 32 . In the underdoped region (x < 0.3), T N is more rapidly suppressed in Sr122P (−dT N /dx ∼ 480K/x) than in Ba122P (∼ 360K/x). Also, in the overdoped region (x > 0.3), T c is more rapidly suppressed in Sr122P (−dT c /dx ∼ 94K/x) than in Ba122P (∼ 75K/x). These results indicate that the random potential induced by P substitution is stronger in Sr122P than in Ba122P. This is probably because substituted P atoms in the more closely spaced FeAs layers [see Fig. 1 (c) ] disturb the potential in the FeAs layers more strongly. In spite of the stronger impurity potential, T c is higher in Sr122P; this may be because the FS shapes with poorer nesting are more favorable to superconductivity, but further studies are necessary to clarify this issue. 
IV. CONCLUSION
We have performed ARPES measurements on the isovalent-substituted iron pnictide superconductor Sr122P and compared the results with those of Ba122P. The outer hole FS of d z 2 character is strongly warped along the k z direction than that of Ba122P. The dramatic change of the FS shapes induced by the replacement of Ba by Sr highlights the sensitiveness of the electronic structure on the c-axis parameter. Comparison of ARPES data with LDA band-structure calculations has revealed that quasiparticle mass is strongly renormalized and that the renormalization factors on the electron and hole FSs are different even within the same orbital. This may indicate that quasi-particles are scattered between electron and hole FSs of different orbital character. We have also examined nesting conditions between the hole FSs at the zone center and the electron FSs at the zone corner. The high T N of Sr122P in spite of the weaker intra/interorbital nesting indicates that the interlayer magnetic interactions play a more important role than FS nesting in stabilizing the AFM order. Also, despite the significantly worse nesting of the d z 2 FS in Sr122P, T c = 33 K is slightly higher than that of Ba122P. This can be explained if only d xy and/or d xz/yz orbitals participate in superconductivity or if FS nesting is not important for superconductivity. These results impose restriction on microscopic theories and requires them to naturally reproduce the high T c of Ba/Sr122P and iron pnictides in general.
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